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planned actions must be monitored, judged and updated in 
light of a pre-specified goal (Hill 2004; Ward and Morris 
2005). This complex cognitive ability enables us to perform 
adaptive behavior. Whether we make to do lists, schedule 
appointments, organize our social life, or write an article, 
planning both directs and evaluates our behavior.
People with autism spectrum disorders (ASD) are 
thought to encounter planning difficulties (e.g. Hill 2004; 
Lopez et al. 2005; Van den Bergh et al. 2014). They have 
trouble organizing their daily life, maintaining (social) 
activities or coping with unregulated stretches of time 
(APA 2013; Ozonoff et al. 2002). Reports of caregivers also 
indicate planning deficits in the daily life of their child in 
comparison to their typically developing peers (Rosenthal 
et al. 2013; Van den Bergh et al. 2014). Reviewing research 
on planning performance on cognitive measures in ASD 
yields, however, inconsistent findings, resulting in a lack 
of clarity on the mastery of this skill in ASD. Some stud-
ies do not observe differences in terms of planning perfor-
mance between people with ASD and typically developing 
individuals (e.g. Bölte et al. 2011), while others find poorer 
planning performance in ASD (e.g. Brunsdon et al. 2015). 
Systematic, narrative, reviews of planning studies agree 
that planning performance is impaired in people with ASD. 
Furthermore, they conclude that the inconsistencies partly 
reflect the true heterogeneity of the autism spectrum, but 
might also be due to other factors (Hill 2004; Kenwor-
thy 2008; Sergeant et  al. 2002). Three of such factors are 
emphasized, namely age, task-type and intellectual ability.
Firstly, inconsistencies could be explained by pos-
sible age-related changes in planning performance (e.g. 
Hill 2004). Planning, as well as other executive func-
tions, is related to the frontal striatal brain network (Bur-
gess et al. 2005; Mesulam 2002). This network undergoes 
intense structural and functional changes from childhood to 
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Introduction
Planning is defined as choosing and implementing a strat-
egy in new or routine situations in which a sequence of 
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adolescence, which typically goes hand in hand with age-
related improvement in planning ability (Best et al. 2009), 
with a peak around young adulthood (Anderson et al. 2001; 
for a meta-analysis see; Romine and Reynolds 2005). This 
developmental pattern is also experienced in daily life by 
typically developing individuals and reported by their car-
egivers (Huizinga et al. 2006; Huizinga and Smidts 2011). 
Little is known, however, about the development of plan-
ning ability in people with ASD. With respect to planning 
tasks, some studies find age-related improvements from 
childhood to adolescence (e.g. Happé et  al. 2006; Pelli-
cano 2010), whereas other find no gains during this tran-
sition (e.g., Goldberg et  al. 2005; Van Eylen et  al. 2015). 
However, it has been argued (e.g. Luna 2007; Ozonoff and 
McEvoy 1994) that people with ASD follow a different 
developmental trajectory with respect to planning than typ-
ically developing people, and, thus, age may explain varia-
bility across studies in comparing these groups on planning 
performance. In sum, the substantial development within 
the frontal striatal network, together with the possible dif-
ferences in developmental trajectories of planning ability 
in people with and without ASD stress the importance of 
taking the role of age into account when studying planning.
Secondly, the variety of tasks and dependent measures 
that are reported may partly explain the heterogeneity in 
findings of planning performance among people with ASD 
(Kenworthy 2008; Sergeant et  al. 2002). For example, it 
is suggested that people with ASD perform worse on the 
standard human-administered neuropsychological tasks 
(e.g. the Tower of London; Lopez et al. 2005) than on their 
computer-administered variants (e.g. the CANTAB Stock-
ings of Cambridge subtest; see for a review Kenworthy 
2008). This conclusion is, however, tentative, as another 
study did not find a difference in performance between 
human and computerized administration of the Tower of 
London task among people with ASD (Williams and Jar-
rold 2013). This inconsistency in findings combined with 
the plethora of planning tasks available, raises the question 
of which of these tasks is most suitable and robust in its 
findings with regard to people with and without ASD.
Thirdly, variability in intellectual ability (IQ) is posed 
as a possible moderator of planning performance among 
people with ASD (Hill 2004; Kenworthy 2008). Some stud-
ies show that group differences between ASD and TD on 
planning measures are more prominent at lower IQ levels 
(e.g. Hughes et al. 1994). Also, IQ is sometimes found to 
be more strongly related to performance on cognitive meas-
ures in people with ASD than in TD individuals (Brunsdon 
et  al. 2015). However, to date, no systematic review has 
investigated the role of IQ in planning performance among 
people with ASD as compared to TD people.
Based on the above, it seems imperative to systemati-
cally review the literature on planning ability and articulate 
the magnitude of the supposed planning deficits in ASD 
across the lifespan. Furthermore, it seems valuable to inves-
tigate other sources of inconsistencies such as the variety 
of tasks and dependent measures that are reported and the 
range of intelligence across groups. To this end, this study 
provides the first comprehensive quantitative review of the 
literature across all, to the best of our knowledge, studies of 
planning performance in ASD that fall within our inclusion 
criteria. By means of a meta-analysis and meta-regression, 
we aim (1) to present the magnitude of possible planning 
performance deficits in ASD; (2) to describe potential 
developmental changes in planning performance across 
the lifespan; (3) to conceptualize which of the several plan-
ning measures is most consistent (e.g. robust) in its find-
ings when comparing people with and without ASD; (4) to 
investigate whether intelligence levels have an effect on the 
observed findings when comparing people with and with-
out ASD on planning performance.
Methods
Literature Search Strategy
In May and November 2015, a systematic literature search 
was performed using the online databases PsycINFO, Web 
of Science, and PubMed. PsycINFO was chosen because it 
is most frequently used within the behavioral and social 
sciences and indexes many psychology journals. Web of 
Science was selected because of its interdisciplinary nature 
and the high quality of the indexed journals. Finally, given 
that ASD is seen as a psychiatric disorder and highly 
comorbid with various medical conditions, PubMed was 
included to cover the medical journals.1 PubMed is one of 
the biggest and most widely used medical databases that 
largely indexes psychiatry. The search was done with the 
following terms of interest related to ASD (autism; autistic 
disorder; pervasive developmental disorder; Asperger; 
ASD; PDD-NOS) combined with terms related to planning 
(planning; executive function; Tower; Tower of London 
(ToL); Tower of Hanoi (ToH); Stockings of Cambridge 
(SoC); Behavioral Assessment of the Dysexecutive Syn-
drome (BADS); Mazes; CANTAB; WISC; NEPSY; 
D-KEFS; BRIEF). Reference lists of selected papers were 
also checked in search of relevant studies.
1 Note that the EMBASE and CINAHL databases were also con-
sidered for the systematic literature search, but not included as they 
largely overlap with the PubMed database and because their added 
value in comparison to PubMed, namely more coverage of respec-
tively pharmacological and nursing research, was not of specific 
interest given our topic of interest. Therefore, we chose to use Pub-
Med rather than EMBASE or CINAHL.
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Eligibility Criteria
Studies were only included if they met the following eligi-
bility criteria: (1) ASD participants were the population 
being studied and they met diagnostic criteria according to 
the DSM-III, DSM-III-R, DSM-IV, DSM-IV-TR, DSM-5, 
or ICD-10 (defined by clinical diagnosis, autism question-
naires, interviews or observation schedules: please see 
Table 1 for details); (2) a typically developing (TD) com-
parison group was included (3) experimental or clinical 
neuropsychological planning tasks were used;2 (4) studies 
provided outcome data sufficient and suitable for the calcu-
lation of effect sizes, either in the published study or upon 
request; (5) articles presented original data; (6) studies 
were written in English and published in a peer-reviewed 
journal between 2003 and November 2015. Preceding stud-
ies on planning performance in ASD were included based 
on the reviews by Hill (2004) and Sergeant et al. (2002) if 
they met our eligibility criteria.
Study Selection
Titles and abstracts of retrieved records were screened for 
eligibility. Studies were excluded if they clearly did not 
meet our inclusion criteria. After this initial search, the 
full texts of the remaining records were screened for eli-
gibility. The corresponding authors of articles that did not 
report sufficient data for the calculation of effect sizes and/
or the moderator analysis were contacted to try to retrieve 
the missing data, as well as any unpublished data on the 
subject. None of the replies included such unpublished 
data. Studies that fulfilled the criteria (either immediately 
or after receiving additional data from the correspond-
ing authors) were included in the meta-analysis. An inde-
pendent researcher checked the full text screening and the 
extracted data of the selected studies. Any disagreements 
between the first author and this researcher were discussed 
and resolved with a third assessor. See Fig. 1 for a flow dia-
gram of the search results.
2 Note that we chose to not include studies using the Trail Mak-
ing Test (Reitan and Wolfson 1985) which was reported on in the 
last qualitative review of Hill (2004). Rather than a pure measure of 
planning, it assesses a number of different functions related to men-
tal flexibility (Crowe 1998; Delis et al. 2001). In addition, tasks were 
not included if they did not assess the cognitive ability of thinking 
ahead, such as motor planning tasks, or tasks that were not commonly 
known in the planning literature and of which we, therefore, did not 
know whether they validly assessed planning. For example, one of 
the tasks that we did not include was the Question Discrimination and 
Plan Construction task used in Alderson-Day (2011), as this task was 
not used in any other ASD planning study and is not widespread in 
the planning literature.
Data Collection Process
This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis Protocol (PRISMA-P) 
flow diagram and checklist (Moher et al. 2015). The litera-
ture search generated 4618 hits; an additional nine articles 
was screened for eligibility from the reviews by Hill (2004) 
and Sergeant et  al. (2002). Based on titles and abstracts, 
the number of articles was narrowed down to 162 studies. 
After full text screening, 106 studies did not meet inclusion 
criteria according to the first author and an independent 
researcher. Reasons for excluding studies were the absence 
of an ASD group (n = 6) or TD comparison group (n = 23), 
no assessment of an experimental or clinical neuropsycho-
logical planning task (n = 68), the non-experimental nature 
of the study (e.g. a review or case report; n = 5) or the study 
was not published in an English-language peer reviewed 
journal (n = 4).
Of the 56 studies that met inclusion criteria, 7 studies 
reported insufficient information to calculate the effect size 
(Booth et al. 2003; Just et al. 2007; Lin et al. 2013; McLean 
et al. 2014; Olivar-Parra et al. 2011; Ruta et al. 2010; Sin-
zig et al. 2008). Corresponding authors were contacted and 
one provided the requested information (Sinzig et al. 2008). 
Therefore, 50 studies were included in our meta-analysis. 
This resulted in a combined sample size of 1755 partici-
pants with ASD and 1642 TD comparison individuals (see 
Table  1). Twenty-six studies were conducted with child-
hood samples (mean age ≤12 years), 11 studies with ado-
lescent (mean age 13–18 years), and 13 studies with adult 
samples (mean age: >18 years). All the study information 
listed in Table 1 was first recorded by the first author and 
then verified by an independent researcher.
Dependent Variables
We recorded the dependent measure for each task. It is 
important to note that despite the use of similar tasks, the 
studies differed considerably in the reported dependent 
measure. In addition, the majority of studies reported more 
than one dependent measure for the task of interest. There-
fore, we selected the measure that best reflected planning, 
and was most commonly reported among the included stud-
ies. If this measure was not reported, we requested this data 
from the corresponding author or, if not available upon 
request, selected the next measure most demonstrative of 
planning. When two or more dependent variables were 
considered to reflect this equally, we tried to reduce hetero-
geneity by selecting the variable most frequently reported 
in other included articles. The selection of dependent meas-
ures was made before effect sizes were calculated to mini-
mize experimenter bias. Eight studies presented multiple 
planning tasks. To prevent dependency in our data and 
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Table 1  Studies discussing planning in participants with autism spectrum disorders in comparison with typically developing control groups

















ToH Total moves g = −0.19
TD 23/35 14.6 (4.7) PIQ: 103.5 (13.1)













Total score g = 0.76













Zoo Map test Accuracy 
Map 1
g = 0.19
TD 23/8 32.8 (9.0) FSIQ: 109.8 (16.8)
VIQ: 107.7 (15.8)
PIQ: 111 (18.5)









FSIQ: 49–128/ 90 (20.3) Q: CAST


























SoC Total perfect 
solutions
g = 0.91










SI: ADI-R, DISC-IV (P)
NSCA: -
CLAS: DSM-IV, ICD-10
ToL ToL score g = 0.78






ASD 18/5 51–83/ 
63.6 
(7.5)




ToL-Dx Excess moves g = -0.23












SI: ADI-R, ADOS, ADOS-G
NSCA: clinical diagnosis
CLAS: DSM-IV
SoC Total perfect 
solutions
g = 0.56






HFA 35/2 8–45/ 19.1 
(9.0)






Total moves g = 0.95






ASD 22/3 3.2–8.3/ 
5.9 (1.5)




ToH Highest level 
achieved
g = 0.09
TD 22/3 3.1–5.9/ 
4.9 (0.9)
FSIQ: 97–128/ 109.1 (8) Truck loading Highest level 
achieved
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Table 1  (continued)






Group assignment ASD Planning task Measurement E
 Happé et al. 
(2006)










SoC Total perfect 
solutions
g = 0.19





 Hill & Bird 
(2006)
AS 16/6 16–61/ 
31.1 
(13.1)






Zoo Map test Accuracy 
Map 1
g = 0.39
TD 14/8 18–64/ 
33.5 
(14.5)
FSIQ: 79–135/ 107.9 
(14.9)
Key Search test Total score
 Hughes et al. 
(1994)




SoC Decision time g = −0.43
TD 44 5–10/ 8.0
 Joseph et al. 
(2005)
ASD 32/5 5.5–11.1/ 
7.9 (1.8)
DAS FSIQ: 57–141/ 
87.1 (19.9)
DAS VIQ: 61–133/ 87 
(19)






Tower (NEPSY) Total perfect 
solutions
g = 0.51
TD 24/7 5.1–11.7/ 
8.3 (2.1)
DAS FSIQ: 61–117/ 
89.8 (14.3)
DAS VIQ: 64–122/ 88 
(13)




































Total moves g = 0.93
TD 31/3 9.2–43.9/ 
18.6 
(9.1)






ASD 25/4 3–6/ 4.9 
(0.9)




ToL Total perfect 
solutions
g = 0.58















SI: ADI-R, ADOS (-G)
NSCA: -
CLAS: -
SoC Total perfect 
solutions
g = 1.01
TD 19 7.2–17.2/ 
11.0 
(2.9)
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Table 1  (continued)










ASD 16/1 16–27/ 
21.7 
(3.5)














TD 13/1 16–27/ 
21.8 
(4.1)



































ToH Total moves g = 0.27
TD 34/7 23.4 (5.6) FSIQ: 108.3 (15)
 Low et al. 
(2009)
ASD 23/4 5.3–13.1/ 
8.3 (2.2)




Mazes Accuracy g = 0.63
















Tower (D-KEFS) Total score g = 0.07









ASD 26/1 7–18/ 11.9 
(2.7)




ToH-Revised Total moves g = 0.51













ToH Total score g = 0.70















SoC Total perfect 
solutions
g = 0.87













ToL Total perfect 
solutions
g = 1.79
TD 6/3 9.7(2.6) Not assessed within 
study
1154 J Autism Dev Disord (2017) 47:1148–1165
1 3
Table 1  (continued)





















Mazes Accuracy g = 0.63
TD 31/9 4-7.3/ 5.5. 
(0.9)
VIQ (PPVT): 75–121/ 
103.3 (9.9)
PIQ (Leiter): 91–143/ 
112.52 (14.47)
ToL Total perfect 
solutions
Verbal (VIQ) and nonverbal IQ (PIQ) were assessed with the Peabody Picture Vocabulary Test (PPVT) and the Leiter International Performance Scale 
(Leiter), which does not allow an estimation of total IQ (FSIQ)
 Pellicano 
(2007)
ASD 25/5 4.1–7.3/ 
5.6 (0.9)
VIQ (PPVT): 85–122/ 
100 (10.6)






Mazes Accuracy g = 0.54
TD 31/9 4-7.3/ 5.5 
(0.9)
VIQ (PVVT): 75–121/ 
103.3 (9.9)
PIQ (Leiter): 91–143/ 
112.5 (14.5)
ToL Total perfect 
solutions
VIQ and PIQ were assessed with the PPVT and the Leiter, which does not allow an estimation of FSIQ
 Pellicano 
(2010)




T1: VIQ: 80–122/ 97.1 
(11.5)










TD 37/8 T1: 4-7.3/ 
5.4 (0.9)
T1: VIQ: 87–120/ 100.9 
(8.7)
PIQ: 89–147/ 115.6 
(16.4)















Tower (NEPSY) Total score g = −0.04






ASD 9/3 10.2–17.3/ 
3.8






Milner mazes Number of 
errors
g = 1.32
















Zoo Map test Summary pro-
file score
g = 0.68





















Six Elements test Summary pro-
file score
g = 0.85



















ToL Total moves g = −0.53
TD 42/12 8–17/ 12.1 
(2.3)
FSIQ: 104.8 (9.1)
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Table 1  (continued)






Group assignment ASD Planning task Measurement E
 Sachse et al. 
(2013)









SoC Total perfect 
solutions
g = 0.37


















ToL ToL score g = 0.60















Tower (D-KEFS) Total achieve-
ment
g = 0.82














SoC Total perfect 
solutions
g = 0.07















Total score g = 2.27










ToL (computerized) Total perfect 
solutions
g = 0.13
















Tower (D-KEFS) Total score g = 0.20















ToL ToL score g = 0.82

















ToL ToL score g = 0.68


















ToL-Dx Excess moves g = 0.63
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extra weight being assigned to these studies in the meta-
analysis, we chose to combine these effect sizes within the 
same study into one effect size per study (Borenstein et al. 
2009), using an earlier reported inter-test correlation (range 
0.41–0.63). If this correlation was not available, we used an 
inter-test correlation of 0.7 as the tasks are supposed to all 
measure planning ability (rule of thumb in meta-analysis, 
see Borenstein et al. 2009). See Table 1 for the dependent 
measure that was selected per task.3
For each continuous outcome, a standardized mean 
difference (Hedges’ g; Hedges and Olkin 1985) was 
3 A rerun of our meta-analysis in which we set the inter-test correla-
tion to r = .41 for the studies of which the inter-test correlation was 
unknown gave the same main outcome of a significant medium posi-
tive effect size of 0.52.
Table 1  (continued)






Group assignment ASD Planning task Measurement E
 White et al. 
(2009)









Zoo Map test Accuracy 
Map 1
g = 0.41





















TD 22 10.61 (1.3) VIQ: 105.6 (13.3)
PIQ: 107.2 (13)















TD 17 39.43 FSIQ: 116.7 (13.3)
VIQ: 117.6 (13.1)
PIQ: 112.6 (11.1)












ToH Total moves g = 0.24
Zoo Map test Summary pro-
file score
















ToL Total perfect 
solutions
g = 0.98
TD 14/3 6–12/ 9.8 
(1.7)
Not reported
A Author; ADI-R Autism Diagnostic Interview Revised; ADOS(-G) Autism Diagnostic Observation Schedule(-Generic); AS Asperger Syndrome; 
ASD Autism spectrum disorder (could include autism, Asperger syndrome or PDD-NOS); AQ Autism Spectrum Questionnaire; CARS-II Child-
hood Autism Rating Scale, second edition; CAST Childhood Autism Spectrum Test; CLAS Classification system used; CSBQ (P) Children’s 
Social Behavior Questionnaire (Parent version); DART Dutch Adult Reading Test; DAS Differential Ability Scales; DAWBA Development and 
Wellbeing Assessment; DISC-IV (P) Diagnostic Interview Schedule for Children for DSM-IV, (parent version); D-KEFS Delis-Kaplan Executive 
Function System; DSM-IV(-TR) Diagnostic and Statistical Manual of Mental Disorders, fourth edition, (text-revised); F Female; FSIQ Full Scale 
Intelligence Quotient; GARS Gilliam Autism Rating Scale; HFA High Functioning Autism; ICD-10; International statistical classification of dis-
eases and related health problems, tenth edition; IQ Intelligence Quotient; M male; NEPSY Developmental NEuroPSYchological Assessment; 
ns Did not reach statistical significance; NSCA Nonstructural clinical assessment; P Parent; PIQ Performance Intelligence Quotient; Q Question-
naire; RT Reaction Time; SCQ Social Communication Questionnaire; SI Structured instrument such as specially developed standardized inter-
views and observation schedules; SoC Stockings of Cambridge; SRS Social Responsiveness Scale; TD Typically developing group; ToH Tower 
of Hanoi; ToH-Revised Tower of Hanoi-Revised; ToL Tower of London; ToL-Dx Tower of London-Drexel; VIQ Verbal Intelligence Quotient; 
WADIC Wing’s Autistic Disorder Interview Checklist; 3Di Developmental, Dimensional and Diagnostic Interview
a If only one digit is reported, this refers to the total sample size because the division of gender (number of males and females) was unknown
b When multiple planning tasks of different type of tasks were assessed within the same study, we chose type of task (Tower, BADS, CANTAB) 
for the moderator analysis of task-type based on the highest number of similar type of task available (e.g., Williams et al. (2014) is categorized 
as BADS)
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calculated—the difference between the mean score of the 
ASD group and TD group divided by the pooled stand-
ard deviation per planning measure in each study (see 
Table 1). This effect size is widely used, easily interpreta-
ble and can be calculated from t-test statistics (Borenstein 
et al. 2009; Turner and Bernard 2006). Effect sizes were 
interpreted accordingly: g = 0.2–0.5 is small; g = 0.5–0.8 
is medium; g > 0.8 is large. Therefore, a smaller Hedges’ 
g stands for a smaller distinction between the ASD and 
TD group. A positive effect size indicates poorer perfor-
mance by the ASD group as compared to the TD group, 
whereas a negative effect size indicates that the ASD 
group outperformed the TD group.
Data Analysis
The data were analyzed using the Metafor package for R 
(Viechtbauer 2010). Variability among the true effect was 
expected due to differences in methods and sample charac-
teristics between studies. In order to account for this within- 
and between-study variation, a random effects model was 
chosen. In this procedure, the effect size is corrected for 
sample size of each individual study before the weighted 
average effect size of planning performance across studies 
is calculated. A significant degree of between-study varia-
tion would imply heterogeneity between studies, driven by 
additional factors other than planning ability. Therefore, the 





















n Records identified through database 
searching 
(n=4618 (incl. duplicates))
Additional records identified through other 
sources 





Full-text articles assessed 
for eligibility 
(n=162)
Full-text articles excluded 
(n=106), with reasons:
No ASD group (n=6)
No TD group (n=23) 
No planning measure 
(n=68)
No experimental study 
(n=5)
No English-language peer 
reviewed journal (n=4)
Studies included in 
qualitative synthesis
(n=50)




Fig. 1  Flow diagram: meta-analysis of planning performance in people with ASD. Six additional studies were excluded from the synthesis 
because they provided insufficient data to estimate effect sizes after contacting the corresponding authors
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Since this test does not quantify the amount of between-
study variation, we also estimated the amount of residual 
heterogeneity (τ2) and ratio of true to total variance (I2). 
The I2 is interpreted as the proportion of the observed vari-
ability in a set of effect sizes that reflects real differences 
among true effects (Borenstein et al. 2009).
Next, random restricted maximum likelihood meta-
regression techniques were applied to determine possible 
moderating effects of age. Age was indexed as the mean age 
of the ASD participants. Using this same technique IQ was 
explored. For task-type, a subgroup analysis was performed 
to compare the mean effect for different subgroups of stud-
ies using the same type of planning task [Tower; BADS 
(BADS Zoo Map test, BADS Key Search test, BADS Six 
Elements test and Mazes); CANTAB (SoC)]. The effect 
of each moderator was tested separately. The presence of 
publication bias was assessed with a funnel plot, a regres-
sion test for funnel plot asymmetry, and the Trimm and Fill 
method (Duval and Tweedie 2000). The fail-safe N analysis 
(Rosenthal 1979) was performed to indicate the robustness 
of the overall effect.
Fig. 2  Forest plot indicating effect sizes (Hedges’ g) and 95% con-
fidence intervals for each study effect included in the meta-analysis. 
Positive effect sizes indicate worse planning performance in the ASD 
group as compared to the TD group while negative effect sizes indi-
cate that the ASD group outperformed the TD group
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Results
Overall Results of Planning Performance in ASD 
versus TD
The random effects meta-analysis showed a significant 
medium positive effect size (Hedges’g) of 0.52 (95% CI 
0.39–0.66; range −0.53–2.27), indicating that individuals 
with ASD perform worse on planning tasks as compared 
to TD controls (z = 7.57, p < .0001). As expected, there was 
significant heterogeneity in effect sizes across planning 
studies (Q (49) = 161.7, p < .0001; τ2=0.16; I2 = 71.43). 
The forest plot in Fig.  2 depicts the summary effect and 
individual effect sizes of planning performance by ASD as 
compared to TD.
Outliers and Publication Bias
To investigate the presence of influential data points or out-
liers, we visually inspected the forest plot (Fig. 2) and cal-
culated Cook’s distance. Cook’s distance was below one for 
all effect sizes which suggests that there were no outliers. 
In addition, a leave-one-out analysis showed that leaving 
any study out of the meta-analysis would not change the 
overall results. Finally, a QQ-plot confirmed that there is a 
normal distribution of effect sizes. None of these methods 
thus revealed any outliers.
A regression test for funnel plot asymmetry was signifi-
cant (z = 2.66, p = .008), and therefore suggested the pres-
ence of publication bias. This was confirmed by the Trimm 
and Fill method (Duval and Tweedie 2000), which demon-
strated that 11 unpublished studies were missing on the left 
side of the funnel plot (see Fig. 3). Inclusion of these miss-
ing studies would decrease the overall summary medium 
effect size of 0.52 to a small effect size of 0.37 (95% CI 
0.21–0.51). The Rosenthal’s fail safe N analysis demon-
strated the robustness of the overall effect (3401 null find-
ings are needed to nullify the overall significant effect). 
Hence, the observed overall effect size is still of relevance, 
but we must consider a moderate impact of publication bias 
in the research of planning performance in people with 
ASD as compared to TD individuals.
Age
Age did not significantly moderate the effect sizes across 
planning studies (QAGE = 2.89, p = .09), and heterogene-
ity in effect sizes remained significant (Q (48) = 152.65, 
p < .0001; τ2 = 0.15; I2 = 70.30). Based on the discussion 
in non-experimental research whether an increase in plan-
ning difficulties in ASD can be found around adolescence 
(Van den Bergh et  al. 2014 versus Rosenthal 2013), we 
also inspected a quadratic relationship. We inserted age as 
a centered quadratic predictor, and found no support for a 
quadratic association between age and planning perfor-
mance  (QAGE2 = 2.62, p = .11). Furthermore, heterogene-
ity between studies remained significant (Q (48) = 156.11, 
p < .0001; τ2 = 0.15; I2 = 70.74). However, in one study 
the mean age of the ASD participants deviated far from 
the grand mean age of ASD participants (Geurts and Vis-
sers 2012). Visual inspection of the corresponding boxplot 
showed that this study was indeed an outlier. Excluding this 
study did, however, not alter our age-related findings as 
age was still not a relevant moderator (linear:  QAGE = 0.72, 
Fig. 3  Funnel plots (panel a original; panel b including hypothetical missing studies) used to explore publication bias
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p = .40; quadratic:  QAGE2 = 0.20, p = .65) and heterogene-
ity in effect sizes remained significant (Q (47) = 152.42, 
p < .0001; τ2 = 0.15; I2 = 70.89).
Task-type
The studies were classified according to the following 
type of tasks: BADS (n = 13), CANTAB (n = 7) or Tower 
(n = 28). Two studies did not fall in any category and were, 
therefore, excluded from the moderator analysis (Brunsdon 
et al. 2015; Taddei and Contena 2013). Task-type was not a 
significant moderator of effect sizes across planning studies 
(QTASK = 0.10, p = .95) and heterogeneity between studies 
remained significant (Q (45) = 138.73, p < .0001; τ2 = 0.14; 
I2 = 66.38).
IQ
Forty out of 50 studies included estimates of total IQ. 
For IQ, no outliers were detected. IQ did not significantly 
moderate the effect sizes across these studies (QIQ = 2.56, 
p = .11) and heterogeneity in effect sizes remained signifi-
cant (Q (38) = 94.41, p < .0001; τ2 = 0.09; I2 = 59.92).
Discussion
The aim of the present meta-analysis was to systemati-
cally and quantitatively review the experimental literature 
on planning performance in ASD to examine whether peo-
ple with ASD encounter difficulties with this skill. In line 
with non-experimental research, the meta-analysis revealed 
that people with ASD indeed show poorer planning perfor-
mance as compared to typically developing  (TD) individ-
uals. This difference was moderate in size and consistent 
across the lifespan, various types of planning tasks, and dif-
ferent intelligence levels. However, please note that exami-
nation of publication bias indicated that there may be miss-
ing studies with negative effect sizes (i.e., individuals with 
ASD outperforming people without ASD with respect to 
planning) in our meta-analysis. Hence, the true effect size 
might be smaller, but planning deficits do still seem to exist 
in people with ASD.
As suggested in one of the last, narrative, reviews on 
planning performance (Hill 2004), we investigated whether 
age influenced performance on planning tasks. Despite a 
rather broad age range across studies (5–64  years of age) 
and the inclusion of 50 studies, age did not moderate the 
variability in findings across studies that compared peo-
ple with ASD to TD individuals on planning ability. More 
specifically, people with ASD seem to have persistent 
planning deficits throughout their life, unable to attain the 
performance level of TD individuals. This in line with pre-
vious reports on planning (e.g. O’Hearn et  al. 2008), and 
suggests that the developmental trajectory of people with 
ASD runs parallel below to the trajectory of TD indi-
viduals. To date, only one prospective longitudinal study 
has examined this trajectory in young children with ASD 
(4–7.3  years) and found age-related gains in executive 
functioning (including planning) (Pellicano 2010). More-
over, studies focusing on middle aged and older people 
with ASD were rather scarce in the current meta-analysis. 
Hence, longitudinal studies across the whole lifespan are 
needed to test whether a parallel pattern can be replicated, 
and to improve our understanding about the developmental 
trajectory of planning skills in ASD.
In addition, we found that several planning measures 
seem to be evenly consistent in their findings when com-
paring people with and without ASD on planning perfor-
mance. Even though the measures differ from each other 
in for example difficulty level, instruction, and structure of 
the task, they all find medium effect sizes—all find a mod-
erate deficit with regard to planning ability in people with 
ASD as compared to people without ASD. This suggests 
that, contrary to what some previous reports claimed (e.g. 
Kenworthy 2008; Sergeant et al. 2002), the task-type can-
not explain discrepant findings in the literature. Hence, 
when focusing on the most commonly used tasks the type 
of planning task does not seem to be crucial when assess-
ing planning abilities in ASD.
Finally, the variability in effect sizes across studies could 
not be explained by intelligence level. While IQ is strongly 
related to general executive functioning (e.g. Dang et  al. 
2014; Friedman et al. 2006), and therefore planning ability, 
it does not impact the difference in planning performance 
between those with and without ASD. Our findings should, 
however, be interpreted with caution, as the number of 
included studies in the moderator analysis was smaller than 
in the overall meta-analysis due to missing IQ estimates in 
ten studies. Moreover, the majority of the included stud-
ies and five of the studies that missed exact IQ estimates 
only assessed people within the normal intelligence range 
(IQ > 70). Therefore, our finding may not generalize to 
lower ranges of IQ. Previous reports show that the effect of 
intellectual ability on ASD outcome is more pronounced in 
groups of individuals with ASD with IQs within the lower 
ranges (Matson and Horovitz 2010; McGovern and Sigman 
2005). As IQ is strongly related to executive functioning, 
findings on planning tasks of these individuals are hard 
to interpret due to their restricted cognitive abilities. Poor 
performance on measures of planning in individuals with 
a low IQ may be, at least in large part, attributable to their 
below average IQ rather than a planning deficit per se. This 
is in line with the statement by Hill and Bird (2006) that 
executive function difficulties that are related causally to 
1161J Autism Dev Disord (2017) 47:1148–1165 
1 3
ASD are most likely to be found in their most pure forms in 
individuals with ASD with a higher IQ. Although it should 
be stressed that it is a limitation that we could not investi-
gate these lower ranges of intellectual ability, the fact that 
our meta-analysis mostly included individuals with ASD 
within the normal IQ range strengthens the finding that 
there is indeed a planning deficit in people with ASD as 
compared to TD individuals.
Although a difference was observed between people 
with ASD and TD individuals with respect to planning 
ability, there was a large amount of heterogeneity in these 
differences across studies that we could not explain by our 
pre-specified factors. This complicates the interpretation of 
our findings as it suggests that there must be additional fac-
tors that influence the difference in planning performance 
among people with and without ASD. Five potential candi-
dates come to mind that may moderate planning ability in 
ASD. First, severity of ASD symptoms may affect planning 
performance. Across studies included in this meta-analysis, 
all DSM-IV-TR (APA 2000) subtypes of ASD (Asperger, 
PDD-NOS or autism) were assigned to one overall ASD 
category (in line with DSM-5; APA 2013) due to missing 
specification of this information within the studies. How-
ever, some previous reports suggest that EF difficulties 
increase as symptoms of ASD are more severe. For exam-
ple, Bölte et  al. (2011) found that higher planning diffi-
culties were associated with higher scores for stereotypic, 
ritualized behavior and interests on the ADI-R and ADOS. 
These symptoms thus may specify the extent of planning 
difficulties, and, therefore, ASD symptomatology might 
even be more interesting to investigate as a moderator of 
planning ability. Unfortunately, we were unable to do this 
in the current study, as information on ASD symptomatol-
ogy was not sufficiently reported in the included studies 
and the studies that did report on ASD symptoms used a 
variety of measures, which complicates a moderator anal-
ysis. We, therefore recommend that in future studies the 
relationship between ASD symptomatology and planning 
ability in people with ASD will be tested.
Second, comorbid psychopathology may influence per-
formance on lab-based planning measures in people with 
ASD. People with ASD have higher rates of psychiatric 
comorbidity than people without ASD; 69% percent of peo-
ple with ASD as opposed to 40% of typically developing 
people meet criteria for another psychiatric disorder at least 
once in their life (Buck et  al. 2014; Kessler et  al. 2005). 
Psychiatric disorders other than ASD are also related to 
poorer cognitive functioning (e.g. McDermot and Ebmeier 
2009), and thus, it may be that the higher incidence of psy-
chiatric comorbidity in ASD partly explains why planning 
is worse in those with ASD as compared to people without 
ASD. Further study is needed to determine the potential 
impact of comorbid psychiatric disorders on planning per-
formance in people with ASD.
Third, the use of psychotropic medication may affect 
planning performance in people with ASD. It is well-
known that the majority of people with ASD use some type 
of psychotropic medication (Esbensen et  al. 2009), espe-
cially those with comorbid psychiatric disorders (Coury 
et  al. 2012), and that the use of this medication can have 
adverse effects on cognitive performance (Agay et al. 2010; 
Amado-Boccara et  al. 1995; Linssen et  al. 2014). We, 
therefore, recommend including measures of these factors 
in future studies on planning performance in people with 
ASD in order to further explain the heterogeneity across 
planning studies.
Fourth, related to the impact of IQ, mental age might 
also be an informative factor for moderation as two indi-
viduals with the same IQ may be functioning on different 
developmental levels (i.e., have a different mental age). 
Mental age might, therefore, capture the individuals’ level 
of intellectual functioning better than IQ tasks. However, 
we could not explore the impact of mental age on the vari-
ability in effect sizes in our meta-analysis as only five stud-
ies reported on mental age. This number is insufficient to 
make any valid statements concerning moderation of plan-
ning deficits in ASD by mental age, but should definitely be 
investigated in future studies.
Fifth, the choice of comparison group may impact meta-
analytic findings. For example, using a comparison group 
of unaffected siblings of individuals with ASD or a specific 
clinical group will lead to different, possible smaller, effect 
sizes, than using a TD comparison group. However, as only 
one of the included studies had unaffected siblings as the 
comparison group (Bölte et al. 2011), it is unlikely that this 
affected our results.
An additional important avenue of future research that 
cannot be covered within a meta-analysis, is the investigation 
of individual differences in planning ability.4 Previous studies 
show that individual differences in planning ability exist in 
both people with and without ASD (e.g. Brunsdon et  al. 
2015; Hill and Bird 2006; Hughes et al. 1994; Wallace et al. 
2016). Focusing on individual differences instead of group 
comparisons can help to determine whether specific sub-
groups within the ASD group exist with respect to planning 
performance.
Despite the limitations in relation to the unexplained het-
erogeneity and the publication bias, the observed planning 
difficulties of people with ASD as compared to typically 
4 Please note that heterogeneity on the individual level (for example, 
variability within one group on planning task) is a different type of 
heterogeneity than the examined heterogeneity in the current meta-
analysis (variability in study findings on group differences on plan-
ning task).
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developing individuals underline that there might be room for 
improvement with respect to the planning abilities in people 
with ASD. As planning is so key to our daily life, interven-
tion aimed at improving this skill might be helpful for peo-
ple with ASD. The meta-analysis further suggests that it is of 
importance that null findings (and counter intuitive findings) 
need to be published as only then we can determine which 
of the currently studied factors (i.e., moderators) influencing 
planning abilities can indeed be fully dismissed. Nonethe-
less, we also need to investigate additional factors that could 
explain heterogeneity in effects to help unravel the planning 
deficit among individuals with ASD.
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